ABSTRACT
INTRODUCTION

67
Speech articulation constitutes a complex motor behavior involving a precise coordination of 
106
and associative functional areas (Hamani et 
150
The stimuli were created and presented by custom code running in the Matlab environment
151
(MathWorks, Natick, MA) using Psychophysics Toolbox extensions (Brainard, 1997) . A 152 schematic of the experimental procedure is shown in Figure 1 . On each trial, participants were 153 presented with a white cross against a black background during an intertrial interval, after which 154 a green fixation cross appeared on the screen for 250 ms instructing the participants to get 155 ready. It was followed by a variable interstimulus interval (500-1000 ms) during which the 156 screen remained black. Then the stimulus word was presented on the screen and participants
157
were instructed to read it out loud. The stimulus word remained on the screen until participants 158 made the response, after which the experimenter advanced the presentation to the next trial. All 159 stimuli (120 trials per recording session) were pseudorandomized in order of presentation.
160
Participants were familiarized with the task prior to surgery. 
9
Interface Processor (Ripple LLC, Salt Lake City, UT, USA) at a lower sampling rate of 30 kHz.
171
The audio recordings were segmented and transcribed offline by phonetically-trained 
219
were included in the analyses -those that were confined to the sensorimotor cortex, as 220 determined in the patients' native brain space ( Figure 2C shows these locations in MNI space).
221
Localization of the electrodes on the cortical surface was reconstructed from 1) the intra- 
285
Generally, to assess statistical differences of speech-related changes in the brain response, we 286 used Welch two sample t-tests when the data were found not to deviate significantly from 287 normality; when the data were not normally distributed, nonparametric Wilcoxon rank sum or
288
Wilcoxon signed-rank (to determine the significance of response compared to baseline) tests 289 were used. To assess normality of the data distribution, a one-sample Kolmogorov-Smirnov test 290 was used; a two-sample Kolmogorov-Smirnov test was used to compare STN and cortical 291 datasets. False discovery rate (FDR) method (as described in Benjamini and Hochberg, 1995) 292 was used at α = 0.05 to control for multiple comparisons. Effect sizes were estimated with 
297
Behavioral response. Subjects' behavioral performance is summarized in Table 2 . Across 298 subjects, the mean latency from seeing the stimulus word on the screen to producing the word 
330
In contrast, we found no significant correlation between high gamma power and the location of 
381
taking subject-to-subject differences into account, the articulator-related activity in the 382 sensorimotor cortex appeared to be somatotopically organized, with the recording sites 
389
To quantify the time-course of the articulatory neural encoding, we examined the distribution of 390 average high gamma activity for all tongue vs. lips trials at the identified articulator-391 discriminative sites in the STN (n = 18) and the sensorimotor cortex (n = 37) ( Figures 5A and B) .
392
A two-sample Kolmogorov-Smirnov test showed that the STN and cortical data had significantly indicating presence of articulatory discrimination at a given time point are plotted in Figure 5D .
416
In contrast to the timing of the overall high gamma activity in sensorimotor cortex, which peaked 417 near vowel onset, the greatest articulatory discrimination was observed near consonant onset 
502
However, because the stimuli were not designed to tease apart these influences, a definitive 503 conclusion cannot be drawn from the data. Of note, we also found that articulatory 504 discrimination reflected in STN high gamma activity was not maximal near consonant onset, as 505 occurred in the sensorimotor cortex, but peaked about 120 ms before its acoustic production,
506
pointing at the possible involvement of the STN in articulator-specific planning ( Figure 5D ).
507
Although the finding of the relative temporal differences in the articulatory encoding between the 508 22 sensorimotor cortex and the STN is important, it is worth noting that we relied upon the phonetic 509 coding of the produced acoustics to infer which articulators were involved in consonant 510 productions (as in Bouchard et al., 2013) . For a more precise characterization of the temporal 511 aspects of the articulatory encoding, direct measurements of articulatory kinematics would be 512 necessary, which were beyond the scope of the present study and are difficult to implement 
519
Limitations
520
We acknowledge that the disease state is a potential confound to our results. We do not report 
527
Note that fine-wire EMG is not an option in awake neurosurgical patients, thus our experimental 
544
Further elucidation of the role of cortico-basal ganglia interactions in the speech production 545 network will be critical for improving our understanding of the neurobiology of speech 546 dysfunction in basal ganglia disorders and related future treatments. 
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